Diarrhoea is a public health problem in developing countries. It is therefore important to identify plants with antidiarrhoeal activity. Melochia corchorifolia and Glochidion thomsonii have been used in folk medicine to alleviate several diseases. The present study was performed to investigate the anti-diarrheal properties of ethanolic extract of M. corchorifolia whole plant and G. thomsonii bark. Anti-diarrheal potential was evaluated using castor oil and MgSO 4 induced diarrhea, GI motility test as well as castor oil induced enteropooling assay in mice. Extracts were used at 250 and 500 mg/kg per orally. Loperamide (10 mg/kg p.o) was used as standard drug. The ethanolic crude extracts exhibited statistically significant and dose-dependent (250 and 500 mg/kg) anti-diarrheal effect against the total number of episodes of defecation as well as diarrheal feces. In animals pretreated with MC and GT extract showed 42.53% (p<0.05) and 53.13% (p<0.001) protection at a dose of 250 mg/kg and 89.40% (p<0.001)and 57.47% (p<0.001) protection at 500 mg/kg against castor oil induced diarrhea. The MC extract at 500 mg/kg exhibited significant (p<0.05) inhibition of diarrhea (51.04%) in MgSO 4 induced diarrhea. In BaSO 4 induced GI motility test both the extracts inhibited GI motility and GT at 500 mg/kg dose 38.77% which was highly significant (p<0.01). In the Castor oil induced enteropooling assay MC 250 and 500 mg/kg and GT 250 and 500 mg/kg reduced the intestinal fluid accumulation by 27.42% and 48.39% (p<0.01) and 38.71% (p<0.05) and 51.61% (p<0.01), respectively. The results suggested that both the extracts possessed significant antidiarrhoeal properties which was comparable with standard drug, loperamide and further studies are required to evaluate these effects and the potential of the plant.
Introduction
Gastrointestinal diseases, particularly constipation and diarrhea are affecting 70% of the population worldwide (Ouyangand Chen, 2004) . Diarrhea is an alteration in normal bowel movement and is characterized by an increase in the water content, volume, or frequency of stools (Guerrant et al., 2001) . It is a common disease in developing countries especially in children and is responsible for the death of millions of people each year which is accounted as the second leading causes of death of children below five years (Jebunnessa et al., 2009; Saralaya et al., 2010) . The incidence of diarrhoeal diseases still remains high despite the efforts of many governments and healthcare organizations. Many crude plant extracts with antidiarrhoeic activity are used in our folk medicine and are a potential source of antidiarrheal drugs because they contain multiple constituents with effect-enhancing and/or side effectneutralizing potential (Laloo and Hemalatha, 2011; Gilani and Rahman, 2005) . Medicinal plants are a promising source of antidiarrheal drugs (Maikere-Faniyo et al., 1989) . It is therefore important to identify and evaluate available natural drugs as alternatives to currently used anti-diarrhoeal drugs, which are not always free from adverse effects. A range of medicinal plants with anti-diarrhoeal properties is widely used by traditional healers. However, the effectiveness of many of these antidiarrhoeal traditional medicines has not been scientifically evaluated.
Melochia corchorifolia L (Bon-pat and Tikiokra in Bengali) is a weed-like, tropical plant of Malvaceae familly that is typically seen in the wastelands. It has been most frequently observed to grow in North Carolina, Africa, Asia, Australia, and South western Pacific (Compendium of Medicinal Plants Used in Malaysia. 2002) . It has ovate leaves; the petioles are generally 5 cm long with linear stipules of 6 mm long. It contains several compounds cyclopepetide alkaloids franganine, frangufoline (Tschesche and Reutel, 1968) , melofoline, melochicorine and other constituents (Bhakuni et al., 1991; Bhakuni et al., 1987) . Various parts of the plant have been used to treat stomach disorders, stomachache (Raja et al., 2001) , poulticing sores, swellings of the abdomen, smallpox, dysentery, vomiting, urinary disorders, water snake bites (Chopra et al., 1956) , headache, gastralgia and as helmenthiasis in the traditional and folk medicine (Ajaib et al., 2010) .
Glochidion thomsonii Hook. f, belonging to the euphorbiaceae family, also known as Phyllanthus thomsonii, Glochidion rubidulum and Diasperus thomsonii is a shrub of forest, non-marine, scrubland (www.gbif.org). It is found in Bangladesh, NorthEast India, in the Jaintia Hills, Meghalaya, China and Sri Lanka (www.efloras.org). There are no available reports on the phytochemical as well as pharmacological study on this plant.
As a part of our broad-based search for Bangladeshi medicinal plants with antidiarrheal activity, the present study was undertaken to evaluate the possible usefulness of M. corchorifolia (MC) and G. thomsonii (GT).
Materials and Methods

Plant collection and extraction:
The whole plant of M. corchorifolia (MC) and bark of G. thomsonii (GT) were collected from Sylhet, and Dhaka district and were identified and authenticated by the National Herbarium, Mirpur, Dhaka (Acc No. DACB 40843 for MC and DACB 40169 for GT). The collected materials were thoroughly washed in water, cut into smaller parts and shed dried at 35 -40º C for a week and pulverized in electric grinder to get extractable powder. The powders were extracted in Soxhlet apparatus with ethanol (96%). The collected filtrate was dried with a rotary evaporator under reduced pressure to get viscous substance. Finally, a solid mass was obtained and preserved in a glass container in the refrigerator.
Experimental animals: For the experiment Swiss albino mice of either sex, 6-7 weeks of age, weighing between 25-30 g were collected from the animal research lab in the Department of Pharmacy, Jahangirnagar University, Savar, Dhaka. Animals were maintained under standard environmental conditions (temperature: 27.0 ± 1.0°C, relative humidity: 55-65% and 12 h light/12 h dark cycle) and had free access to feed and water ad libitum. The animals were acclimatized to laboratory condition for one week prior to the experiments. For conducting all experiments with animals, we followed the guidelines of Institutional Animals Ethics Committee (IAEC) and before the experiments, study protocols were approved by the institutional animal ethical committee.
Anti-diarrheal activity evaluation
Castor oil induced diarrhea in mice: The method as described by Jebunnessa et. al. (2009) and Imam (2012) was used with slight modification to evaluate anti-diarrheal activity of the plant extracts. Thirty-six mice fasted for 12 hours were allocated to six groups of six animals each. Group I (received distilled water (DW) at a dose of 10 ml/kg p.o.) and served as control group, group II (received loperamide 10 mg/kg, p.o.) and served as standard, group III, IV, V & VI received the ethanolic extract of M. corchorifolia at 250 mg & 500 mg, G. thomsonii at 250 mg and 500 mg/kg p.o., respectively. One hour after administration, mice were administered with castor oil orally at a dose of 0.5 ml per mouse to induce diarrhea. Each animal was placed in an individual cage, the floor of which was lined with white blotting paper which was changed every hour. The total number of both dry and wet feces excreted by the animals was counted every hour for a period of 4 hours. The activity of each group was expressed as percent inhibition (%) of defecation and percent inhibition (%) of diarrhea.
Magnesium sulfate-induced diarrhea in mice: Thirty-six mice of either sex fasted for 12 hours were divided into six groups of 6 mice each. Group 1 was given distilled water (10 ml/kg), while group 2 received loperamide (10 mg/kg). Groups 3, 4, 5 and 6 were administered with MC 250 mg, MC 500 mg, GT 250 mg and GT 500 mg/kg b.w., respectively. All treatments were given orally. After 1 hour, each mouse received magnesium sulfate (2 g/kg) by oral route. The animals were placed individually in cages over white filter paper. The number of wet feces was recorded for a period of 4 hours (Doharty, 1981) . The activity of each group was expressed as percent inhibition (%) of defecation and percent inhibition (%) of diarrhea.
Gastrointestinal motility test with barium sulfate milk: The method described by Afroz et al. (2006) was followed with slight modification. Thirty-six mice of either sex fasted for 12 hours were divided into six groups of 6 mice each. Group 1 was given distilled water (10 ml/kg), while group 2 received loperamide (10 mg/kg). Groups 3, 4, 5 and 6 were administered with MC 250 mg, MC 500 mg, GT 250 mg and GT 500 mg/kg b.w., respectively. After 30 minutes, each mouse was administered 15% barium sulphate milk (10 ml/kg) by oral route. After 30 minutes of administration of barium sulfate milk, mice were sacrificed. The distance traversed by barium sulfate milk was measured and expressed as a percentage of the total length of small intestine. The percentage of inhibition of GI motility compared with the control group was determined by using the following equation:
Castor oil induced enter pooling: The method of Ezeja and Anaga (2010) and Sini et al. (2008) was followed with slight modification. Animals (mice of either sex weighing 30-35 g) were fasted for 12 hours and were randomly divided into six groups (n = 6). First group received only vehicle (DW 10 mL/kg), second group received loperamide (10 mg/kg), the third, fourth, fifth and sixth group received MC 250 mg & MC 500 mg, GT 250 mg and GT 500 mg/kg, p.o. After 1 hour from the administration, 0.5 ml of castor oil was administered orally. Two hours later, all mice were sacrificed, the small intestine was ligated both at the pyloric sphincter and at the ileocecal junctions and the intestines were removed. The content of each intestine was collected by milking into a graduated measuring cylinder and the volume (ml) was measured.
Statistical analysis: Microsoft Office Excel (2007) was used as a statistical tool for diarrheal inhibition assay data and graph. Statistical analysis for animal experiments was carried out by one-way ANOVA following Dunnet's post hoc test using SPSS 16.0 for windows. Data were presented as Mean ± SEM. The results obtained were compared with the vehicle control group. p<0.05, p<0.01 and p<0.001 were considered to be statistically significant, highly significant and very highly significant respectively.
Results
Castor oil-induced diarrhea:
The castor oil induced diarrhea was carried out to assess the effect of ethanolic extract of M. corchorifolia (MC) and G. thomsonii (GT) in experimentally induced diarrhea in rodent. The results showed that, there has been a statistically significant reduction in the incident and severity of diarrhea with higher dose of the crude extract of MC and GT in experimental animals ( Data were analyzed by one-way ANOVA following Dunnet's post hoc test. Values are expressed as Mean ± SEM, n=6. *(p< 0.05) = significant, **(p< 0.01) = highly significant, ***(p< 0.001) = very highly significant compared to the control group. Data were analyzed by one-way ANOVA following Dunnet's post hoc test. Values are expressed as Mean ± SEM, n=6. *(p< 0.05) = significant, ** (p< 0.01) = highly significant, ***(p< 0.001) = very highly significant compared to the control group.
The standard drug loperamide (10 mg/kg, p.o.) profoundly (p < 0.001), inhibited both the fecal output (64.45%) and the diarrheal episodes (79.56%) produced by magnesium sulfate. In terms of protection from fecal output at 4 hours, MC extract at 500 mg/kg dose was comparable with the effect of loperamide.
Effects of test extracts on gastrointestinal motility test:
In this method, the mean distance travelled by the Barium sulfate in small intestine and % inhibition of intestinal motility was measured as compared with control group.
In the 'control' group of mice, the barium sulfate meal traversed the farthest distance of the total length of small intestine. Ethanolic extract of MC at both doses (250 mg/kg and 500 mg/kg) showed only slight reduction of GI motility when compared with the vehicle treated controls (Figure 1) . MC 250-and 500-mg/kg reduced GI motility by 21.46 and 27.52%, respectively. The extract of GT at dose 250 mg/kg also reduced the GI motility (10.20%) whereas at 500 mg/kg it inhibited the GI motility (38.77%) significantly (p<0.01). Loperamide (10 mg/kg, p.o.) produced a greater antimotility effect than both of the extract.
*(p< 0.05) = significant, ** (p< 0.01) = highly significant, *** (p< 0.001) = very highly significant compared to the control group. *(p< 0.05) = significant, ** (p< 0.01) = highly significant, *** (p< 0.001) = very highly significant compared to the control group. 
Antidiarrheal activity assessment by castor oilinduced fluid accumulation:
The effect of tested plant extracts on the intestinal transit is depicted in figure  2 . In this method, the mean volume of intestinal fluid and % inhibition of intestinal fluid accumulation as compared to control group was measured. Castor oil administration caused a substantial increase of fluid accumulation in mice. The administration of MC at 250 mg/kg slightly (27.42%) reduced the fluid accumulation but GT at 250 mg/kg reduced fluid accumulation by 38.71% which was significant (p<0.05). Both MC and GT extract at 500 mg/kg dose produced a marked reduction (48.39% and 51.61% respectively) in castor oil-induced fluid accumulation in mice which was highly significant (p < 0.01) as compared to the control group (Figure 2) . No extract group was comparable with standard loperamide (10 mg/kg) treated group in the reduction of intestinal fluid volume.
Discussion
Diarrhea results from an imbalance between the absorptive and secretory mechanisms in the intestinal tract, which is accompanied by an excess loss of fluid in the faces (Gaginella and Bass, 1978) . Diarrhea is a common and major public health problem among people with poor standard of hygiene especially in developing countries and it remains the leading cause of morbidity and mortality in all age groups (Farthing, 2002) . Martinez et al. (1998) , based on the results from their investigation, concluded that herbal treatments remain important as home remedy for diarrhea. Heinrich et al. (2005) also reported that despite the availability of simple and cheap modern treatments for diarrhea (ORT), healers and patients in many communities still rely on locally available phytomedicines. These findings formed the basis of our present screening of various plants, including M. corchorifolia and G. thomsonii, for antidiarrheal activity.
Castor oil is a triglyceride and several mechanisms had been previously proposed to explain the diarrheal effect of castor oil (Gaginella and Bass, 1978; Altman, 2001 ) which stimulates the peristaltic activity as well as generation of giant contractions of the intestine and transverse and distal colon, leading to the changes in the electrolyte (Na + and Cl -)
permeability of the intestinal mucosa (Palombo, 2006) and generates massive contractions in transverse and distal colon (Croci, 1997) . The ethanol extract of MC and GT showed no significant effect at 250 mg/kg dose but revealed highly significant effect at 500 mg/kg dose in castor-oil induced diarrhea.
Magnesium sulfate (MgSO 4 ), acting as laxative, causes myogenic contraction of intestinal smooth muscle to achieve laxative effects. Their laxativetic action is also believed to result from osmotically mediated water retention, which then stimulates peristalsis. MgSO 4 may stimulate the release of cholecystokinin, which leads to intraluminal fluid and electrolyte accumulation and to increased intestinal motility (Pasricha, 2006) . We examined the diarrheal score and total number of feces during 4 hours after MgSO 4 administration on mice. Ethanolic extract of MC and GT showed no significant effect in 250 mg/kg dose. The MC extract showed highly significant effect and GT demonstrated highly significant effect at 500 mg/kg dose in MgSO 4 induced diarrhea.
Barium sulphate passage test is commonly used to determine the effect of the test substances on gut motility. It increases the volume of the intestinal content by preventing the reabsorption of water. It also promotes the liberation of cholecystokinin from duodenal mucosa, which increases the secretion and motility of small intestine and also prevents the reabsorption of NaCl and water. Barium sulfate induced diarrhea is presumed to be by osmotic properties and cholecystokinin production (Galvez et al., 1993) . Ethanolic extract of MC and GT showed slight reduction of GI motility at 250 mg/kg dose. However, GT extract showed highly significant effect at 500 mg/kg dose in BaSO 4 induced GI motility test. A decrease in the motility of gut muscles increases the stay of substances in the intestine. This allows better water absorption. It is therefore presumed that the reduction in the intestinal propulsive movement in the barium sulphate model may be due to antispasmodic properties of the extracts.
One of the main causes of diarrhea is water retention in the intestine (enter pooling) and agents such as castor oil and prostaglandin E 2 (PGE 2 ) are known to increase enter pooling (Havagiray et al., 2004; Perianayagam et al., 2005; Robert et al., 1976; Mascolo et al., 1994) . In this study, castor oil was administered to prepare a pathologic rat model of abnormal enter pooling. The castor oil treated control group had significant increase in enter pooling. The ethanolic extract of MC at 500 mg/kg dose and GT at both doses displayed statistically significant decreasing tendency. The loperamide 10 mg/kg positive control group also exhibited significant improvement.
Conclusion
The results of the present study indicate that M. corchorifolia and G. thomsonii are potential therapeutic option in the effective management of diarrhea that have potent inhibitory action on gastrointestinal movement and secretion, thus justifying its widespread use by the local population for these purposes. Although the specific mechanisms of action of the extract need to be explored, the antidiarrheal effect of the extract could be related to inhibition of secretion, reducing intraluminal fluid accumulation or enhancing water absorption but not delaying motility. Concerted efforts are being made to fully investigate the mechanisms involved in the pharmacological activities of M. corchorifolia and G. thomsonii and phytochemical studies are also in progress to isolate and characterize the active constituents of the plants. The isolated compounds may serve as useful prototypes of antidiarrheal drugs of natural origin possessing the desired pharmacological activities while lacking certain untoward effects.
